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(54) Method of Initial transmission power determination 



(57) A method for determining the initial power to be 
allocated to a secondary channel having a desired data 
rate. An SNR setpoint is first calculated where such set- 



point is based on the SNR setpoint of the associated 
primary channel and system offset values. 

The Initial power is then calculated based on the cal- 
culated setpoint. 
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Description 

Background of the Invention 
s Field of the invention 

[0001] The present invention Is general^ related to a method for determining the amount of resources to be allocated 
to a forward link secondary channel over the air interface. 

10 Description of the Related Art 

[0002] Communication systems, and in particular, wireless communicalion systems comprise a plurality of commu- 
nication links through which subscribers of such systems communicate with each other and with subscribers of other 
communication systenns. Wireless communication systems such as Code Division Multiple Access (CDMA) systems 

IS and other communication systems have an air interface through which communication signals between a subscriber 
and the system are exchanged (I.e., transmitted and/or received). A subscriber exchanges communication signals over 
the air Interface with a base station that serves a particular geographic region known as a cell. A base station generally 
comprises radio equipment and processing equipment to allow communication with subscribers located within the cell. 
Typically, wireless communication systems comprise a plurality of cells, each of which has at least one base station 

20 that serves subscribers located within the cell. The air interface for each subscriber comprises two communication 
channels: a forward channel and a reverse channel. I n the forward channel , signals from th e base station are transmitted 
t o^a su b§ci3b.er,Conversely, a subscriber uses the reverse channel to transmit signal8loTlie'6ase station of "Se cell 
within which such subscriber is located. 

[0003] Many wireless communication systems communicate to a subscriber over a set of links from different base 
2S stations. The set oflinks is referred to^..a.priniaiy. channel. In many cases, however, the primary channel comprises 
only one link. Yhe useoTBTet of links for a subscriber ena6l6?the system to select the best link for a pariicular instant 
of time and use that link to communicate with the subscriber. The best link Is typically a communk:ation link with the 
best quality of servtee (QoS). The QoS is typically a function of network variables that reflect the quality of a link. One 
example of such a network variable is the Frame Error Rate (FEB). In CDMA systems and other wireless systems 
30 signals are transmitted as frames where each frame is a block of bits. When a frame is received with at least one error, 
it is said to be an error frame The FER is the ratio of the number of error frames received to the total number of frame 
received during a defined period of time. Thus the communication system is able to communk^ate with a subscriber 
through a primary channel comprising at least one communication link. The communication system designates the 
link—from the set of links — which has the most favorable conditions (e.g.. lowest FER)-for communication as the 
3s anchor leg. Accordingly, most of the time most of the communication between a subscriber and the system is done 
through the anchor leg. 

[0004] Many communication systems now allow subscribers to have simultaneous access to more than one channel. 
A subscriber, while using a primary channel, may request a_secpndary^channei...For example, a subscriber using Ihe 
primary channel for low speed data may want to have access to a secondary channel to run additional applications at 

40 higher data rate throughput. Communication signals associated with the additional applications would then be ex- 
changed over the secondary channel. In a multi-link primary channel, the anchor leg is usually selected for the sec- 
ondary channel. However, prior to granting a subscriber access to the secondary channel, the communication system 
first assesses the subscriber's resource requirements and then determines whether the required resources are avail- 
able. The resources are the various communication assets such as the number of radios available from the selected 

45 link, the amount of power available per link, the bandwidth available per link and maximum information rate supportable 
at each link. The information rate and the amount of power supportable for transmission at a particular link are two 
critical resources whose usage system providers desire to apply in a most efficient manner. 

[0005] Prior to providing a requesting subscriber access to a secondary channel, the communication system deter- 
mines whether the secondary channel can support the information rate being requested by the subscriber. Some sec- 

so ondary channels support only one information rate, while other secondary channels support multiple data rates. If the 
secondary channel supports one information rate, the system determines whether there is sufficient power to transmit 
Information at that rate. If the secondary channel supports multiple information rates, the system determines the best 
information rate based on the amount of power available and the RF conditions. Further, the communication system 
has to determine the amount of initial power it Is to allocate to the secondary channel. 

55 [0006] Most wireless communication systenns perform some sort of power control technique so as to use their power 
efficiently, in many such techniques, the power made available to each primary channel is continually adjusted to 
compensate for changing system conditions. Communication system providers (i.e., owners and operators of com- 
muncation system equipment) want to avoid circumstances where too much power is routed to one or a group of 
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subscrtbere while other subscribers cannot gain access to the system because of Insufficient power. The radio equip- 
ment at the base stations are thus controlled on a system wide basis to maintain a relatively efficient use of power 
throughout the system. 

[0007] Typically the communication system allows the secpndary channel to use a subset of the connections used 
5 by the primary channel. For example, the primary channel is in three way soft handbff with three base stations, while 
the communication system assigns a secondary channel to the same user from one of the links from the set of links 
that make up the primary channel. In general the communication system would assign a subset of the primary channel 
active connections to the secondary channel in order to reduce the network equipment resources needed to support 
the secondary channel connection. The most efficient method is to use only one connection for the secondary channel; 
10 usually the anchor leg. 

[0008] In principle the transmitted power of each primary channel connection is the same, even if it changes in time 
and the palff'tosTTafWai-oT'lhe^conine^^ different. Lack of knowledge of the path loss imbalance among Ihe 

connections of the primary channel Introduces errors in the estimate of the Initial power required by the secondary 
connection; this Is especially true when the secondary channel uses a subset of the primary channel connections. 
15 When only one link Is being used for the secondary channel, error In the estimate of the Initial power is critical because 
there is no diversity gain In the secondary channel. Diversity gain refers to a multi-link channel where inf omnatlon can 
be exchanged In any one of the links; that is. there are alternative links for exchanging Infomnatlon. A secondary channel 
having only one link has no allemath^e; it thus becomes critical that the one link operate satisfactorily in order to avoid 
relatively high FER. 

20 [0009] An error in the estimate of the secondary channel initial power would Introduce inefficiencies that impair the 
performance of the communication system. For example, if the system underestimates the amount of initial power it 
allocates to the secondary channel, the usage of the secondary channel may not last long enough for the power control 
technique being used to adjust to the correct amount of power for acceptable communications. In such a case, the 
initial power estimate is too low and the result is a relatively high FER. The system would then increase the power at 

25 some later time so as to reduce the FER, but at that point the communications over the secondary channel may have 
been terminated by the subscriber. Conversely, the system may have allocated too much initial power or a high value 
of the Signal to Ratio (SNR) setpoint to the secondary channel which results In the system not allowing access to other 
requesting subscribers because there is relatively little power remaining. Under these circumstances the power control 
technique being used should restore the correct secondary channel power level. However, when the duration of trans- 

30 mission of the secondary channel Is short and the Initial value of the power or the SNR setpoint is too high, the power 
control technique being used does not have the time to converge to the best values. In this case the sen^ice provider 
will use excessive power for the whole duration of the secondary channel transmission. 

[0010] In these cases, the power control technique used by the system was not helpful because the initial power 
estimate for the secondary channel was not a sufficiently accurate estimate of the actual initial power requirement. 
35 [0011] What is therefore needed is an algorrthm that provides a relatively accurate estimate of the amount of injtial 
powerand SNR setpoint to be made available to a secondary channel to allow a communication system to perfomn 
power control techniques on the secondary channel enabling the communication system to use its power efficiently. 



Summary of the Invention 

40 

[0012] The present Invention provides a method for detenninlng a relatively accurate value for the initial power and 
• Initial SNR setpoint to be allocated to a secondary channel of a wireless communication system operating at a certain 
Information rate. The method first calculates an Initial SN R setpoint based on the SN R setpoint of an associated primary 
channel and system offset values. The calculated SNR setpoint. the information rate of the secondary channel and 
45 primary channel system parameters are then used to calculate the initial transmission power level for the secondary 
channel. The initial transmitted power of the secondary channel is calculated so that its value and variance are both 
within thresholds set by the service provider of the communication system. 

Brief Description of the Drawings 

50 

[0013] 

FIG. 1 depicts the method of the present invention. 
55 Detailed Description 

(001 4) The present Invention provides a method for detemilning a relatively accurate value for the initial transmitted 
power and SNR setpoint to be allocated to a secondary channel of a wireless communication system operating at a 
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certain Information rate that Is supportable by the air interface. The method first calculates an initial SNR setpoint for 
the secondary channel based on the SNR setpoint of an associated primary channel and system offset values. The 
calculated SNR setpoint, the Information rate and primary channel system parameters are then used to calculate the 
Initial transmitted power and SNR setpoint for the secondary channel. The initial transmitted power of the secondary 

5 channel is calculated so that its value and variance are within thresholds set by the service provider of the communi- 
cation system. The method of the present invention will be described for a forward secondary channel. For clarity of 
explanation the term 'subscriber" will be used interchangeably with the terms "mobile station" or "mobile" in describing 
the various aspects of the method of the present Invention. For ease of explanation, the method of the present invention 
is explained in the context of a CDMA communication system. It will be readily understood, however, that the method 

10 of the present invention ts not at all limited to CDMA systems. 

[0015] The SNR of the primary channel is the measured ratio of the energy of the information to the energy of all 
other signals that is not the information being transmitted or received. The SNR for the primary channel is represented as 
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where the bit energy of the primeuv channel meeisured for a particular subscriber (or mobile station) and Nf is 

the effective noise power spectral density measured for the subscriber. Initially a subscriber is using the system and 

20 is communicating over the communication system through the use of a primary channel comprising one or several 
communication links. At some point, the subscriber makes a request for a secondary channel. The secondary channel 
Is selected from a set of links representing the primary channel. If the primary channel has one link, the secondary 
channel uses part of that link. One or more of the links of the primary channel is used for the secondary channel: the 
primary channel is thus associated with the secondary channel. 

25 [0016] In step 1 00 of the method of the present invention, the system calculates an SNR setpoint for the secondary 
channel based on the SNR setpoint of the corresponding primary channel and several system offset values. The SNR 
setpoint for the primary channel Is estimated at the base station or It can be measured by a mobile within the cell being 
served by the base station and the value Is transmitted to the base station as part of signaling inf omnation being ex- 
changed between the base station and mobiles within the cell. The secondary channel setpoint SNR is calculated as 

30 per the following equation: 



+ (sector_oSset) + (user^offset) + (rate_offset) 



[0017] The sector_ofrset is a correction factor evaluated by base station equipment for each sector of the cell being 
served by the base station; this system offset value takes into account the diversity gain of the secondary channel 
relative to the primary channel plus the difference In forward target FER between the two channels. The target FER Is 
a desired FER usually set by the subscriber; It can also be set by the service provider. One example of calculating the 
sector.offset Is to have a multi-dlmenslonal array where each element of the array is a sector.offset value indexed by 
power ratio measurements detennined In terms of the mobile measurements of 



50 

of the full active set (I.e., total number of links assigned to a channel) of the primary channel and the pilot load. 
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of the full active set of the primary channel. 

[001 8] in particular, the sector.offset value can be obtained from a table Indexed by mobile power ratio measurements 



The obtained sector.offset value Indexed by the power ratio measurements is modified based on measurements of 
the FER off the secondary channel of users in the sector. These measurements of the FER of subscribers in the sector 
are collected by the mobiles in the sector and reported to the base station equipment as part of signaling information 
being exchanged between the mobiles and the base station within the cell. It should therefore be noted that the 
sector.offset values In the table are the results of previous secondary channels that are not active. 
[0019] The definition of the power ratios is as follows: 



Is the ratio of forward pilot energy to total CDMA power spectral density transmitted by the base station In sector / 
where / is an integer equal to 1 or greater and 



is the ratio of forward pilot chip energy of sector /to the total received power spectral density as measured al Lhe mobile 
station. The pilot is a reference signal transmitted by the station for implementing power control techniques and other 
system functions. 

[0020] The user_offset Is another correction factor for the SN R setpoint for the secondary channel. The user_offset 
is initially set to zero at the beginning of communications between a subscriber and the b€Lse station. The user_offset 
is maintained for each user in a sector by the base station and is based on the measurements of the FER of the 
secondary channel and the forward pilot power ratio measured at the mobile 



The user.offset is thus obtained by the method of the present invention in order to calculate the secondary channel 
setpoint SNR. 

[0021 ] The rate.offset Is a fixed offset that takes into account the received signal power level at a mobile station due 
to different target FER among users and different SNR setpoints due to the different information rates available to the 
mobile for the secondary channel. The service provider assigns a rate_offset for each information rate supported by 




and base station power ratio measurements 
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the secondary channel. The rate^offset is obtained by the method of the present Invention In order to calculate the 
secondary channel setpoint SNR. 

[0022] In step 102. the resulting setpoint value of the secondary channel calculated from equation(1) is used to 
determine the Initial transmission power level for the secondary channel by using the following equation: 



15 
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where 



30 

Is the ratio of chip energy of secondary channel to chip energy of forward pilot channel in sector /. The variable R is 
the desired data rate of the secondary channel and W is the bandwidth of the CDMA carrier for both primary and 
secondary channels. A chip is a basic timing period used in transmitting Infomnation in CDMA communication systems. 
The variable O^^Qg^ represents the orthogonality loss due to interference of other mobiles in the same sector. In CDMA 
35 communication systems, a set of orthogonal signals is transmitted in each cell where each of the orthogonal signals 
Is associated with a particular subscriber. The loss that is measured is the result of interference between the orthogonal 
signals. The Initial transmit power of the secondary channel is thus based on the calculated setpoint, the information 
rate of the secondary channel and primary channel system parameters such as O^q^^ and power ratio measurement 
for the primary channel, i.e., 

40 




[0023] The ADMIT_THRESHOLD variable represents a percentage of the maximum forward amplifier power level. 
The forward amplifier Is used to transmit signals over the primary and secondary forward channels. The 
so ADMtT.THRESHOLD is selected by the service provider, infoimation will be exchanged over the secondary channel 
at a particular rate usually requested by the subscrber. Soma secondary channels only support one information rate 
while others support a set of standard information rates. When the forward power amplifier is operating near its capacity, 
the signals amplified and transmitted by such an amplifier may become distorted. 

[0024] To reduce the possibility of distortion, and also determine if the desired information rate is achievable, the 
55 calculated Initial transmit power of the secondary channel is required to meet two conditions. The first condition is that 
£^f^ < (ADMIT_THRESHOLD x current maximum transmit power) where the current maximum transmit power refers 
to the power of the fonward amplifier. The forward amplifier Is the amplifier or the set of amplifiers used to transmit 
signals in a fonvard channel. The second condition is (1+ VARIANCEJTHRESHOLD) < 
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(MAX_POWER_THRESHOLD x current maximum transmit power) where VARIANCE^TH RES HOLD and 
MAX_POWER_THRESHOLD are values selected by the service provider. The selected values allow the secondary 
channel transmit power to be maintained within a certain range. It the two conditions are met, then the secondary 
channel can operate at information rate R. The initial transmit power value for any other value of R is determined in 
the same manner as discussed above. Once the initial transmit forward secondary channel power Is determined, the 
system adjusts the transmit power according to it power control technique. 



Claims 

10 

1 . A method for detemnining an initial power value for a secondary channel of a communication system, the method 
comprising: 
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calculating en SNR setpoint for the secondary channel based on system offset values and an SNR setpoint 
of an associated primary channel; and 

calculating the Initial power value based on the calculated SNR value and a desired information rate for the 
secondary channel and system parEUiieters of the associated primary channel. 

2. The method of claim 1 where the system offset values are a sector.offset, a user.offset and a rate ..offset. 

3. The method of claim 1 where the step of calculating the initial power value further comprises comparing the cal- 
culated initial power value to power level threshold values of the secondary channel to determine if the desired 
information rate is achievable. 



25 4. The method of claim 1 where the step of calculating an SNR setpoint for the secondary channel comprises the 
steps of: 

measuring the SNR setpoint of the associated primary channel; 

obtaining a sector_offset value from a table based on measured transmitted power 
30 and power ratio measurements at subscriber locations; 

modifying the sector_offset value based on a measured PER of the secondary channel. 

obtaining a user_offeet value based on PER measurements for the secondary channel and power ratio meas- 
urements at subscriber locations; 

obtaining a rate_offset value; and 
35 summing the measured SNR setpoint of the corresponding primary channel with the modified sector.offset, 

the user_offset and the rate_offset. 
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